Little is known about the mechanisms that regulate meiosis in the human female fetus as a result of the technical difficulties in obtaining samples. Currently, there is no technique for human fetal oocyte culture that permits the maintenance of fetal ovarian tissue in vitro which allows the progression of meiosis in a reproducible and standardized way. methods: Meiotic progression was analyzed following pairing-synapsis and recombination progress. A total of 7119 oocytes were studied and analyzed. The proteins used to evaluate meiotic progression were: REC8, SYCP1, SYCP3 and MLH1, studied by immunofluorescence. Four different sample disaggregating methods were used, two enzymatic (trypsin and collagenase þ hyaluronidase) and two mechanical (puncture and ovarian fragments). Two different culture media were used, control media and stem cell factor (SCF)-supplemented media. The oocytes were studied at initial time T0, and then at T7, T14 and T21 days after culture.
Introduction
The human reproductive cycle starts at very early stages of development. During fetal life, the developing ovaries become populated with primordial germ cells and oogonia. These cells proliferate by mitotic division, then in a proportion meiotic prophase is initiated and these oogonia become oocytes.
Meiosis is the reductional division of the genome that produces haploid cells. The process begins in utero and ends if fertilization of oocytes occurs at metaphase II stage. The oocytes may remain arrested for up to 50 years until they continue meiotic prophase after the hormonal stimulus. As a consequence of the long period of oocyte arrest, oocyte maturation is susceptible to disruption by nutritional imbalances, hormonal disturbances and environmental insults.
During fetal life, the first meiotic prophase occurs, and this phase is subdivided into leptotene, zygotene, pachytene and diplotene stages. During the first three stages, pairing-synapsis and recombination of homologous chromosomes is completed. After that, at diplotene, the homologous chromosomes separate from each other except in the areas where recombination had occurred, called chiasmata (cytological evidence of crossing over points).
The different stages of meiosis can be analyzed by classical cytogenetic and/or molecular cytogenetic techniques (Garcia et al., 1987; Cheng et al., 1999; Lenzi et al., 2005; Roig et al., 2005; Robles et al., 2009) . The application of molecular cytogenetics allows for the analysis of the presence and distribution of specific chromosomes as well as proteins involved in meiosis (cohesin, synaptonemal complex and recombination proteins). During meiotic prophase, a tripartite chromosomal structure, known as the synaptonemal complex is formed between homolog chromosomes (Fawcett, 1956; Moses, 1977; Schmekel and Daneholt, 1995) . The synaptonemal complex consists of two lateral elements (SCYP2 and SCYP3 proteins) and a central element (SCYP1 protein) (Heyting, 1996) . The lateral elements are laid down upon a cohesin scaffold (REC8 protein), which is established during pre-meiotic events (Eijpe et al., 2000 (Eijpe et al., , 2003 Pezzi et al., 2000; Pelttari et al., 2001; Prieto et al., 2001 Prieto et al., , 2004 Yang and Wang, 2009) . The synaptonemal complex is the structure that mediates the pairingsynapsis and recombination processes (Offenberg et al., 1998; Kolas and Cohen, 2004) . During these processes the exchange between homologous chromosomes is performed, and mismatch repair protein (MLH1) indicates the places where meiotic recombination (crossing over) really occurs (see review, Hoffmann and Borts, 2004) .
Little is known about the mechanisms that regulate meiosis in the human female fetus as a result of the technical difficulties in obtaining samples in optimal conditions. Currently, there is no reproducible standardized technique for the culture of human fetal oocytes that permits the maintenance of fetal ovarian tissue in vitro and allows meiotic progression. Previous studies in mouse and human reported the possibility of culturing oocytes and follicles (Schwartz and Roy, 1998; Hartshorne et al., 1999; Lyrakou et al., 2002; Biron-Shental et al., 2004; Roig et al., 2006; Romero and Smitz, 2008; Sadeu and Smitz, 2008) ; Biron-Shental et al. (2004) showed the survival of human fetal ovarian follicles from second-and third-trimester pregnancies for up to 4 weeks, but survival was not accompanied by an increase in the number of primary and secondary follicles. Lyrakou et al. (2002) and Roig et al. (2006) described meiotic progression in culture, but with very variable results. The variability of their results includes low number of cells at the end of culture and different efficiency rates in meiotic prophase progression between the different samples and times studying culture. Moreover, Lyrakou et al. (2002) reported the inability of cultured oocytes to complete meiotic recombination.
There are several studies where culturing conditions of oocytes from adult ovaries have been analyzed, with the objective of obtaining meiotic progression of MI and germinal vesicle oocytes (Sakaguchi et al., 2000; Thomas et al., 2003; Iwata et al., 2004; Caillaud et al., 2005; De Matos et al., 2008; Thomas et al. 2008; Caillaud and Gérard, 2009) . In these studies the culture media was supplemented with various growth factors; stem cell factor (SCF) (Thomas et al., 2008) , epidermal growth factor (Caillaud and Gérard, 2009) , leukemia inhibitory factor (LIF) (Caillaud et al., 2005 , De Matos et al., 2008 , activine (Thomas et al., 2003) , insulin-like growth factor (Sakaguchi et al., 2000; Iwata et al., 2004) , interleukin-1beta (Caillaud et al., 2005) , LH and FSH (Thomas et al., 2003) with contradictory results. However, to date, none of these growth factors have been used in the culture of human fetal oocytes.
With the aim of evaluating pairing-synapsis and recombination in culture, cohesin REC8, synaptonemal complex proteins SYCP1, SYCP3 and mistmatch repair protein MLH1 were followed by immunofluorescence (IF). This work describes, for the first time, a technique of fetal human oocyte culture that permits meiotic progression in vitro with pairing-synapsis and recombination levels similar to the ones found in in vivo samples.
Materials and Methods

Biological material
Ovaries from four fetuses were obtained from the Vall d' Hebron Fetal Tissue Bank after legal interruption of pregnancy, following the rules of the Ethical Committee of the Hospital de la Vall d' Hebron, Barcelona, Spain. Gestational age was calculated from the last menstrual period, ultrasound analysis and foot length. All of the fetuses had a euploid karyotype obtained by prenatal diagnosis and confirmed in the laboratory with the karyotype of cultured, fetal ovary stroma fibroblasts (Roig et al., 2003) . The inclusion criteria were: euploid fetuses, gestational age between 18 and 22 weeks, and less than 2 h from the end of the obstetric procedure and the start of the culture process. Details of the biological material used are shown in Table I .
Ovarian transport and dissection
All the ovaries were collected in D-MEM medium (Dulbecco's modified eagle medium) (Gibco BRL) with (100 IU/ml) penicillin (Gibco BRL), (50 mg/ml) streptomycin (Gibco BRL) and transported to the laboratory at 48C. In the laboratory, under a laminar flux hood the ovaries were washed three times with phosphate-buffered saline (PBS) after which the annexial tissue (fallopian tubes and connective tissue) was dissected under microscopic observation. Each ovary was cut transversely to ensure equal inclusion of cortical and medullar ovarian regions, obtaining four equal-sized pieces of approximately 3 Â 5 Â 5 mm (width Âdepth Â height) from each ovary. All of fragments were suspended in D-MEM. Two sections per ovary were used for each different method of disaggregation.
Culture media
Control medium was D-MEM (Gibco BLR) supplemented with 5 mg/ml insulin, 5 mg/ml transferrin, 5 ng/ml selenium (all from Sigma, Munich, Germany), 100 UI/ml penicillin (Gibco BLR) and 100 mg/ml streptomycin (Gibco BLR). SCF-supplemented media was control media supplemented with 100 ng/ml SCF (Sigma).
Disaggregating methods
Four different methods were used with the aim of improving the progression of the oocytes in culture: two enzymatic and two mechanical. In all of the methods, the cells after initial disaggregation (T0) were seeded for the different times of culture, 7 days (T7), 14 days (T14) and 21 days (T21). In vitro development of fetal human oocytes
Enzymatic methods
Two different enzymatic treatments were used to disaggregate the ovary: (i) 0.25% trypsin (Gibco BRL) and (ii) 0.1% collagenase IV with 0.01% hyaluronidase V (both from Sigma). Pieces of ovary were cut with a McIlwain Tissue Chopper (from Jed Pella Inc, Redding, CA, USA) into approximately 1 Â 1 Â 1 mm sections (40 sections per piece), and in both cases the sections were incubated in a shaking bath with the enzyme at 378C, 30 min for trypsin and 1 h for the collagenease þ hyaluronidase mix. After the incubation, the enzyme was washed off with 10 ml of D-MEM (serum free) and centrifuged for 10 min at 600g, the pellet was re-suspended with 5 ml culture media. The cells were cultured in Petri dishes (Nunc GmbH & Co. KG; Langenselbold, Germany) (treated with poly-D-lysine) (Sigma) at 378C and 5% CO 2 .
Mechanical methods
Two mechanical methods were used: (i) the puncture method and (ii) ovarian fragments. Puncture method: the ovary pieces were washed four times with PBS and the ovary was punctured with entomologic needles in 0.5 ml culture medium. The suspension was centrifuged for 10 min at 600g and re-suspended and cultivated in media at 378C and 5% CO 2 in Petri dishes (Nunc GmbH & Co. KG, Langenselbold, Germany) (treated with poly-D-lysine) (Sigma). Ovarian fragments method: two ovary pieces were cut with a McIlwain Tissue Chopper (from Jed Pella Inc, Redding, CA, USA) into 1 Â 1 Â 1 mm sections (40 sections per piece) and re-suspended in 5 ml media and cultured in 10 ml conical tubes (Nalgene, Thermo Fisher Scientific, Roskile, Denmark) treated with poly-D-lysine (from Sigma) at 37ºC and 5% CO 2 .
Oocyte culture
Every 2 days, 50% of the culture medium was removed and restituted with fresh media. At T0, T7, T14 and T21 oocytes were removed from the Petri dishes or conical tube by 0.25% trypsin (5 min at 378C), and the enzyme reaction was then diluted out with non-supplemented D-MEM medium. The cellular suspension obtained was centrifuged for 10 min at 600g, and immediately thereafter the pellet was re-suspended in 5 ml of PBS and re-centrifuged for 10 min at 600g.
Oocyte spread preparation
To analyze the meiotic progression, the pellet was re-suspended in 1.5 ml PBS. Over slides and in a cyto-centrifuge chamber, 20 ml of this suspension and 500 ml of (0.02 M) sucrose solution were added and centrifuged for 15 min at 115g. Then, the slides were put in a humidified chamber at room temperature for 2 h and then fixed with 9% formaldehyde (pH 10; Sigma). After 24 h at room temperature, the slides were washed four times with 1% Photo-Flo (Kodak, Paris, France) and air-dried. Slides were stored at 2808C until analyzed.
Immunofluorescence
To evaluate meiotic pairing-synapsis, two slides were analyzed, counting the total number of cells in all stages. A further slide was used for the analysis of meiotic recombination. IF against the proteins of synaptonemal complex SYCP3 and SYCP1 (Abcam plc; Cambridge, UK), cohesin REC8 (kindly donated by Dr. Barbero, CSIC, Madrid, Spain), and mismatch repair protein MLH1 (BD Pharmigen, Becton Dickinson France S.A.S., Erembodegem, Belgium) was performed, as described elsewhere (Roig et al., 2005) with minor modifications. For cultured oocytes that showed a less permeable membrane, a permeation treatment using 0.1% Triton-X (Sigma) was used. Primary antibodies were diluted in PTBG (PBS, 0.2% bovine serum albumin (Sigma), 0.2% gelatin (Sigma) and 0.05% Tween 20 (Sigma) and incubated for 24 h at 48C in humidified chamber. After washing off unbound antibodies with PBS, detection was performed with goat antirabbit FITC, goat anti-rabbit Cy3, goat anti-mouse Cy3 and goat antimouse FITC (Jackson Immuno Research Laboratories, West Grove PA, USA). Secondary antibodies were incubated for 1 h at 37ºC in humidified chamber. Unattached secondary antibodies were washed off with PBS; finally, the signal was fixed with 1% formaldehyde. DNA was counterstained by applying an antifade solution (Vector laboratories, Burligame, CA, USA) containing 0.1 mg/ml of DAPI (4 0 ,6 0 -diamidino-2-phenylindole) (Sigma).
Oocytes were sub-staged according to morphological criteria described in previous studies (Garcia et al., 1987; Roig et al., 2005; Ghafari et al., 2008) . Accordingly, at leptotene chromosomes start condensation and individualization, and the axial elements (SYCP3) are assembled in previously associated sister chromatids (Cohesin REC8). During zygotene, homolog pairing starts by transverse filaments in a zipper-like fashion (SYCP1) with the final result being the union of both pairs of sister chromatids (synapsis). Finally, at pachytene bivalents are fully paired and all the elements look like one single structure. As previously was reported (Roig et al., 2005) , oocytes in culture degenerate and this process is especially higher in oocytes at the pachytene stage. The evaluation of these oocytes was performed by the contraction and deformation of nuclei in the presence of SYCP1 protein.
Image analysis and statistics
All samples were analyzed using an Olympus BX70 fluorescence microscope (Olympus Optical Co; Hamburg, Germany). Images were captured and produced using Smart Capture software. To match the fluorescence intensity that was observed by microscope, the images were processed using Adobe Photoshop. Statistical analysis was performed using SigmaStat and SigmaPlot software (to see specific tests applied, see results). 
Results
A total of 7119 oocytes were analyzed by the time of culture, culture media and disaggregating method used (6593 to evaluated disaggregation method and culture media, and 526 for meiotic recombination). Oocytes at meiotic prophase were found at all culture times in all of the biological material used (Table II) supplemented media. SCF-supplemented media: oocytes cultured with SCF-supplemented media.T0: after disaggregation. T 7: 7 days after culture. T14: 14 days after culture. T21: 21 days after culture. *Significant difference to control media, analyzed by chi-squared test P , 0.05.
In vitro development of fetal human oocytes disaggregating method and culture media were used. An independent slide was used for meiotic recombination analysis. No statistical differences among each sample repeat (P ¼ 0.65 U Mann-Whitney) and inter-sample repeat (P ¼ 0.55 U Mann -Whitney), were found for samples treated with the same disagreggation method and culture media used.
Disaggregating methods and culture media used
Four methods, two mechanical and two enzymatic, were applied to disaggregate the fetal ovary with the main goal of increasing the number of oocytes available to culture. Evaluation of the effect of the disaggregating method used on meiotic progression in vitro was performed by counting the number of oocytes at different prophase stages (leptone, zygotene and pachytene) and the number of degenerated cells (oocytes). Degenerated cells (oocytes) were identified by the contraction and deformation of nuclei in the presence of synaptonemal complex protein 1 (SYCP1). Enzymatic methods (trypsin and collagenase þ hyaluronidase), independent of culture media used, decreased the total number of the oocytes found at the different times of culture (2522 versus 4071 from mechanical methods) (P ¼ 0.002 Mann-Whitney U-test) and increased the percentage of degenerated oocytes (P ¼ 0.003, Friedman Repeated Measures Analysis of Variance on Ranks) (Tables II and III) . The oocytes obtained from ovaries disaggregated with trypsin had worse results than the oocytes obtained from ovaries disaggregated with collagenase þ hyaluronidase, for both parameters (number of oocytes and percentage of degenerated cells). There were 59.60% fewer oocytes obtained when cultured with control media and obtained from ovaries disaggregated with trypsin compared with oocytes cultured with control media and disaggregated with collagenase þ hyaluronidase (180 versus 302) after 7 days of culture. At T14 there were 47.61% fewer oocytes obtained from ovaries cultured with control media and disaggregated trypsin compared with with collagenase þ hyaluronidase (70 versus 147) and at T21, 31.11% fewer oocytes from ovaries disaggregated with trypsin than those obtained with the collagenase þ hyaluronidase method (42 versus 135) (P ¼ 0.001, one-way repeated measures analysis of variance, all pairwise multiple comparison procedures, Holm-Sidak method) (Table II) .
In contrast, mechanical methods (puncture and ovarian fragments) increased the number of oocytes found at of all the times of culture and decreased the number of degenerated oocytes (P ¼ 0.02, one-way repeated measures analysis of variance, all pairwise multiple comparison procedures, Holm-Sidak method (Tables II and III) . However, the percentage of degenerated oocytes obtained varies at the different times of culture and disaggregating method used. At T7, the percentages were 7.6% in puncture method versus 4.9% in ovarian fragments; at T14 they were 8.9 versus 21.6% and at T21 the percentages were 21.9 versus 29.8%, but at all timepoints the difference was statistically significant (Table III and The differences between mechanical and enzymatic methods were greater when the culture was supplemented with SCF. Thus, the survival of the oocytes was higher in the samples treated with SCF-supplemented media compared with control media (P ¼ 0.013, paired t-test), as is shown in Table II . At the same time, there were no statistical differences between puncture and ovarian fragments methods in the total number of oocytes recovered at the different times of culture from SCF-supplemented media (P ¼ 0.220, chi-squared test).
Degenerated oocytes also showed a time-course effect with an increase during culture time for all of the methods. Nevertheless, disaggregated oocytes with mechanical methods and cultured with SCF-supplemented media had lower percentages of degeneration, as compared with disaggregated with enzymatic treatment and cultured with control media (for puncture method; T21 21.9% control media versus 8.8% SCF-supplement media; ovarian fragments T21 29.8% control media versus 16.0% SCF-supplemented media) (P ¼ 0.002, Mann -Whitney U-test) (Table III, Fig. 1 ).
Meiotic progression
The paring-synapsis progress was evaluated following the correct alignment and synapsis of the homolog chromosomes along the different culture times. To evaluate the prophase stages, proteins REC8, SYCP1 and SYCP3 were used (Fig. 2) . Meiotic progression was analyzed by following the percentage of oocytes found in each sub-stage of meiotic prophase during the different culture times (Figs 3-5) .
Different levels of meiotic progression were found between the different methods used. Ovaries disaggregated with mechanical methods and cultured with SCF-supplemented media showed an increase in the percentage of cells at pachytene (P ¼ 0.04, chi-squared test) (Fig. 5) . When the ovaries were disaggregated with trypsin and supplemented with SCF, the decrease of cells at pachytene showed by the oocytes with control media was not observed, but only was significant in T14 and T21. In cultured oocytes obtained from the collagenase þ hyaluronidase method, a statistical increment of cells at pachytene was observed when the cultures were supplemented as was described for mechanical methods. The difference among collagenase þ hyaluronidase method compared with mechanical methods was the lower number of total oocytes (Table II) and the high percentage of degenerated cells (Table III) . In the mechanical methods, a significant increment of percentage of oocytes at pachytene was observed along all of the culture times. The elevation of oocytes at pachytene was observed in puncture as well as ovarian fragments. Figure 3 Percentage of oocytes at leptotene stage for the different methods of disaggregation and culture media. Control media: oocytes cultured with non-supplemented media. SCF-supplemented media: oocytes cultured with SCF-supplemented media.T0: after disaggregation. T 7: 7 days after culture. T14: 14 days after culture. T21: 21 days after culture. *Significant difference to control media, analyzed by chi-squared test P , 0.05.
In vitro development of fetal human oocytes
The evaluation of meiotic recombination was analyzed by the number of MLH1 foci in each pachytene nucleus (Fig. 6) . Only cultured oocytes from ovaries disaggregated with mechanical methods and treated with SCF showed crossover markers. No statistical difference was observed between the two mechanical methods (P ¼ 0.92, chi-squared test; Table IV ). In cultured oocytes obtained by both mechanical methods, the range of foci was from 29 to 67 per nucleus. The mean foci number varies at different times of culture: t7, 48.3 foci (range 29 -60); T14, 50.5 foci (range 31 -63); T21, 50.4 foci (range 28 -64) but these differences were not significantly different from T0 (50.9 foci) (range 35 -67) (P ¼ 0.667, chi-squared test; Table IV) . The values of mean foci number as well as range of cultured oocytes were not significantly different from values of mean foci number or range described previously in in vivo oocytes (Lenzi et al., 2005; Robles et al., 2009 ).
Discussion
We have developed a new culture technique that permits the meiotic progression of human fetal oocytes in vitro. The technique is standardized and reproducible for all of the samples and times studied. Cultured human fetal oocytes had a meiotic progression similar to that reported as a normal progression of the oocytes in vivo (Roig et al., 2005) .
Disaggregation of the ovary by mechanical methods improves the oocytes development in in vitro culture
Four different methods of disaggregation of ovaries were evaluated. Mechanical methods increased the number of oocytes at different culture times with a lower number of degenerated cells. However, differences in the methodology of the two mechanical disaggregation techniques, such as acute damage as the result of the puncture method, may prove to be important. Acute damage of the cells could increase the number of degenerated cells in the first days of culture at T7. This, tissue fragments, which presented fewer degenerated cells at T7, presented a higher number on T21. The increase of degenerated cells on day 21 of culture could be related to the variability of nutrients and oxygen received by the cells (Senbon et al., 2003) . Cells in the core of the tissue block may receive lower Figure 4 Percentage of oocytes at zygotene stage for the different methods of disaggregation and culture media. Control media: oocytes cultured with non-supplemented media. SCF-supplemented media: oocytes cultured with SCF-supplemented media.T0: after disaggregation. T 7: 7 days after culture. T14: 14 days after culture. T21: 21 days after culture. *Significant difference to control media, analyzed by chi-squared test P , 0.05. oxygen and nutrient concentrations than outer cells, and as a consequence, internal cells could degenerate more. Nevertheless, taking into account the results obtained, mechanical disaggregation methods permits a higher number of oocytes to progress through prophase I than enzymatic disaggregation methods.
Enzymatic methods decreased the number of oocytes at different culture times and increased the number of degenerated cells. Whilst enzymes permit the disaggregation of the tissue, the adverse effects on the oocyte outweigh the benefits. The enzymes used may change the normal characteristics of the cellular membrane, affecting the permeability and fluidity. Some membrane proteins may be modified, disrupting the normal function of the oocyte membranés structural proteins and membrane receptors (Melican et al., 2004) . The enzymes might also activate oxidative stress pathways, increasing free radicals and inducing cell damage (Miyano, 2005) . Interactions between oocytes, fibroblasts and precursors of theca and granulosa cells are required for the development of the ovary. Interruption of the autocrine and paracrine signals could produce an imbalance of the micro-ambience developed by all the ovarian cells, affecting the survival/development of oocytes in culture (Yamamoto et al., 1999; Senbon et al., 2003) . Thus, and in accordance with adverse effects found in our results, the use of enzymatic methods to disaggregate human fetal ovarian tissue before culture is not recommended.
SCF supplementation of the culture media promotes oocyte survival and meiotic progression SCF-supplemented media permits a higher number of oocytes to reach the pachytene stage and also to decreases the percentage of degenerated cells, independent of the disaggregating method used. Previous reports described the expression of SCF receptor in human primordial germ cells, fetal and adult ovaries Høyer et al., 2005; Carlsson et al., 2006) . SCF is involved in the activation of normal pathways in the progression of meiotic oocytes. SCF works as a pro-mitotic and anti-apoptotic factor (Bedell and Mahakali, 2004; Høyer et al., 2005; Carlsson et al., 2006) . The stimulation of SCF receptor, c-kit, induces the activation Figure 5 Percentage of oocytes at pachytene stage for the different methods of disaggregation and culture media. Control media: oocytes cultured with non-supplemented media. SCF-supplemented media: oocytes cultured with SCF-supplemented media.T0: after disaggregation. T 7: 7 days after culture. T14: 14 days after culture. T21: 21 days after culture. *Significant difference to control media, analyzed by chi-squared test P , 0.05.
In vitro development of fetal human oocytes of cyclines, anti-apoptotic factors such as Ras, Rac1 and Myc, and also activates intra-nuclear receptors (kitL) (Hoei-Hansen et al., 2007) . Activation of all these pathways, neutralizing the mitochondrial apoptotic machinery and inhibiting caspase activity (Pesce et al., 1993; Zeuner et al., 2007) could explain the decrease in degenerated cells found in SCF-supplemented media cultures. On the other hand, the activation of SCF receptor allows for the production of oocytesderived growth differentiation factor 9 and bone morphogenic protein 15 (Thomas and Vanderhyden, 2006) , factors which are implicated in the maturation of the oocytes in puberty and adulthood. In this sense, the multiple effects of the SCF could affect the mitotic division of oogonia and also stimulate progression of mice and porcine oocytes (Monirruzzaman and as well as the possible role in growth initiation of human primordial follicles .
Meiotic prophase progression
Previous studies reported the occurrence of irregular meiotic progression in human cultured oocytes (Roig et al., 2006) ; the technique presented here is the first one that permits meiotic progression in a similar way in all samples cultured. Oocytes disaggregated with mechanical methods and cultured with SCF-supplemented media produce in vitro the characteristics of pairing-synapsis and recombination processes described in vivo (Roig et al., 2005) . Results obtained in this study show a higher percentage of oocytes at the pachytene stage, as compared with the data described by Roig et al. (2006) . The results obtained using mechanical methods show more homogeneity of meiotic prophase evolution, compared with previous reports (Roig et al., 2006) . This could be explained by the disaggregation method and culture media applied; but the influence of a strict control of the gestational age, characteristics of transport, duration between obstetric procedure and culture, could also play a role in the final result.
Recombination Lyrakou et al. (2002) previously described the normal pairing and synapsis in oocytes at culture, but they did not observe meiotic recombination in vitro and proposed an inability of the oocytes to reach recombination in in vitro culture.
In the present study it is shown for the first time, that meiotic recombination can be observed in culture, using an adequate culture media and disaggregating process. Lyrakou et al. (2002) used SCF in combination with other growth factors such as LIF. LIF is used in the culture of mice stem cells with the objective of increasing the number of non-differentiated cells. Meiotic progression is a process of differentiation, obtaining a high number of cells in culture is important, but cell differentiation is also important. In this sense, the absence of recombination described by Lyrakou et al. (2002) could probably be related to non-complete differentiation of mice oocytes in culture, under the influence of culture media supplements used (LIF and fetal calf serum). Alternatively, the manipulation during culture, the time of culture and gestational age could explain the absence of recombination described by Lyrakou et al. (2002) .
The culture of oocytes from ovaries disaggregated with mechanical methods and cultured with SCF-supplemented media increases the number of differentiated oocytes. The progress of the cells through meiosis is possible because the growth factors stimulated cellular pathways required for growth and differentiation. In preserving the integrity of the tissue and cell activity, the survival and meiotic progression of oocytes is possible. Using mechanical disaggregation methods and supplemented media, we were able to reproduce the conditions of the fetal ovary and the in vitro meiotic recombination was possible. The oocytes in culture showed the same characteristics of mean foci number of MLH1 foci, as compared with initial time T0 and previous reports of in vivo oocytes (Lenzi et al., 2005; Robles et al., 2009) without differences between the different days of culture.
The efficiency of the technique and the consistency of the results allow us to propose this as a good model for the study of reprotoxicology. The advantages of a model that mimics some of the in uterus conditions of fetal oocytes, are: (1) direct evaluation of processes related to non-studied processes involved in human female meiosis, (2) evaluation of toxics in the first stages of meiotic prophase and (3) the replacement of experimental animals.
